Two chitin-degrading halophilic archaeal strains, T and MC-23, were isolated from commercial salt samples. Cells were motile, rod-shaped and stained Gram-negative. Colonies were vermillion-pigmented. Strains MC-74 T and MC-23 were able to grow with 1.5-5.1 M NaCl (optimum, 2.6-3.1 M) at pH 6.0-10.0 (optimum, pH 7.0) and at 20-50 C (optimum, 40 C). The orthologous 16S rRNA gene sequence similarity between the two strains was 99.8 %, and the closest phylogenetic relative was Salinarchaeum laminariae JCM 17267 T with 99.3-99.5 % similarity. The level of DNA-DNA relatedness between the two strains was 93 and 94 % (reciprocally), and those between the two strains and Salinarchaeum laminariae JCM 17267 T were 35-36 % and 38-39 % (reciprocally). The polar lipids of both strains were phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester and phosphatidylglycerol sulfate. Glycolipids were not detected. Based on the phenotypic and phylogenetic analyses, the strains represent a novel species of the genus Salinarchaeum, for which the name Salinarchaeum chitinilyticum sp. nov. is proposed. The type strain is MC-74
Since 2010, we have isolated numerous haloarchaeal strains from commercially available food-grade salt samples of worldwide origin using a variety of original media. During our surveys on halophilic archaeal diversity, chitin-degrading strains T and MC-23 were obtained. In the present study, we report on the phenotypic and phylogenetic characterization of these strains and propose a novel species in the genus Salinarchaeum.
Six hundred eighty three salt samples (0.3 g each), domestic and imported, were dissolved in 1 ml 5 % sterile NaCl solution, and 100 µl each was spread on agar plates of JCM 442C medium, which contained (l À1 ) 184.0 g NaCl, 23 .0 g MgCl 2 . 6H 2 O, 26.8 g MgSO 4 . 7H 2 O, 5.4 g KCl, 0.38 g CaCl 2 . 2H 2 O, 5.0 g Peptone (Oxoid), 1.0 g yeast extract (Difco), 1.0 g sodium pyruvate and 100 ml 2 % colloidal chitin. The pH of the medium was adjusted to pH 7.5 with 1.0 M Trisbase. Colloidal chitin was prepared from crab shell chitin (Sigma), basically following the method of Roberts and Selitrennikoff [4] . The agar plates were turbid owing to the colloidal chitin. After incubation of agar plates at 37 C for 4 weeks, only two colonies formed clearing zones on the agar plates. The cells were picked up and purified further by the same plating method. The two strains T and MC-23 were isolated from commercial salt obtained from France and China, respectively. Phenotypic tests of the two strains and Salinarchaeum laminariae JCM 17267 T were performed as recommended by the Minimal Standards according to Oren et al. [5] using liquid or solidified JCM no. 442 medium without chitin.
The orthologous 16S rRNA genes were amplified using the pyrD2-23S rev2 primer set and sequences were determined as described previously [6] . Relevant sequences retrieved from the DNA Data Bank of Japan were aligned using CLUSTAL X 2.1 [7] . The phylogenetic tree was reconstructed by the neighbour-joining (NJ) method using CLUSTAL X 2.1 [8] and was evaluated by bootstrap sampling, expressed as percentages of 1000 replicates [9] . Maximum-likelihood (ML) analysis and support values were performed with raxmlGUI version 1.31 [10, 11] . The phylogenetic trees were reconstructed with MEGA7 [12] using the maximum-parsimony (MP) [13] algorithm with 1000 randomly selected bootstrap replicates. The orthologous 16S rRNA gene sequence similarity between strains MC-74 T (AB850662, 1471 bp) and MC-23 (LC189239, 1471 bp) was 99.8 %, and the closely related strains were Salinarchaeum laminariae JCM 17267 T (AB771437, 1471 bp) with 99.3-99.5 % similarity and Salinarchaeum sp. HArcht-Bsk1 (CP005962, 1471 bp) with 98.7-98.8 % similarity. The phylogenetic position was also confirmed in trees generated using the ML (Fig. 1a) , NJ (Fig. S1 , available in the online Supplementary Material) and MP algorithms (Fig. S2 ).
DNA-DNA hybridization was assessed by using the fluorometric method of Ezaki et al. [14] . The DNA-DNA hybridization values were 93 and 94 % (reciprocally) between MC-74 T and MC-23. Thus, the two strains should be classified within the same species. The DNA-DNA relatednesses of strains MC-74 T and MC-23 with Salinarchaeum laminariae JCM 17267 T were 36 and 35 % (38 and 39 % reciprocally). These values were well below the threshold value of 70 % DNA-DNA relatedness generally accepted for the definition of a novel species [15, 16] . The results suggested that the two strains represent a novel species in the genus Salinarchaeum.
The determination of the DNA-dependent RNA polymerase B¢ gene sequence (rpoB¢) and its analysis were performed according to the methods of Minegishi et al. [17] . The rpoB¢ gene sequence similarity between strains MC-74 T (LC189241, 1830 bp) and MC-23 (LC189240, 1830 bp) was 95.6 %. The most closely related species was Salinarchaeum laminariae JCM 17267 T (92.3-92.7 %). In phylogenetic analysis using rpoB¢ gene sequences using ML and NJ algorithms (Figs 1b and S3 Phenotypic tests were performed according to the methods of Minegishi et al. [19] and Oren et al. [5] using liquid or solidified JCM no. 442 medium without chitin. The analyses were conducted at 37 C. The range of salinity for growth was determined by using the growth medium JCM no. 442 containing various concentrations of NaCl (0-5.0 M) at intervals of 0.5 M (approximately 3.0 %). The pH range for growth was assayed from pH 5.0 to 10.0 at intervals of 0.5 pH unit in liquid medium containing 50 mM pH buffers (citrate/NaOH, pH 5.0-5.5; MES/NaOH, pH 5.5-6.5; PIPES/NaOH, pH 6.5-7.5; HEPES/NaOH, pH 7.0-8.0; Tricine/NaOH, pH 7.5-9.0; CHES/NaOH, pH 9.0-10.0; glycine/NaOH, pH 9.5-10.5). The temperature range for growth was determined at 15, 20, 25, 30, 35, 37, 40, 42, 45, 50, 52 and 55 C in a medium of pH 7.0 with 3.0 M NaCl. Colony morphology was observed on agar medium. Gramstaining was performed according to the method of Dussault [20] . Cell morphology and motility were examined using a phase-contrast microscope (OLYMPUS, BX53F).
Cells of strains MC-74
T and MC-23 were observed to be rod-shaped, approximately 0.2-0.3 µm wide and 1.2-2.3 µm long. They were motile and stained Gram-negative. Colonies were circular, smooth and vermillion-pigmented. for growth. Cells of all strains lysed in distilled water. The phenotypic characteristics that were almost the same between strains MC-74 T and MC-23 but differed from those of Salinarchaeum laminariae are summarized in Table 1 .
Tests for catalase and oxidase activities and for the hydrolysis of casein, colloidal chitin, gelatin, skimmed milk, starch and Tween 80 were performed as described by Gonzalez et al. [21] . Reduction of nitrate was detected by using the sulfanilic acid and a-naphthylamine reagent [22] . H 2 S formation was determined by black sulfide precipitate in medium containing 0.5 % (w/v) sodium thiosulfate. Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. [5] . MC-74
T and MC-23 hydrolysed colloidal chitin but did not hydrolyse casein, gelatin, skimmed milk, starch or Tween 80. Both strains were catalase-and oxidase-negative. None of the strains produced indole from tryptophan. The strains did not produce H 2 S from thiosulfate.
Utilization of carbon sources for growth was determined in JCM no. 442 liquid medium that contained 0.1 % yeast extract (Difco) and 0.5 % single carbon sources. Peptone (Oxoid) and sodium pyruvate were omitted. Sensitivity to antimicrobial agents was determined on JCM no. 442 agar plates by using BD SensiDiscs (Becton Dickinson) except for discs containing anisomycin, aphidicolin and nystatin, which were prepared in our laboratory: ampicillin (10 µg per disc), anisomycin (50 µg per disc), aphidicolin (50 µg per disc), bacitracin (10 U per disc), chloramphenicol (30 µg per disc), erythromycin (15 µg per disc), gentamicin (120 µg per disc), kanamycin (30 µg per disc), nalidixic acid (30 µg per disc), neomycin (30 µg per disc), novobiocin (30 µg per disc), nystatin (50 µg per disc), penicillin G (10 U per disc), piperacillin tazobactam (5 µg per disc), polymyxin B (5 µg per disc), rifampicin (5 µg per disc), streptomycin (300 µg per disc), sulfisoxazole (5 µg per disc), tetracycline (30 µg per disc) and vancomycin (30 µg per disc). The isolates were sensitive to anisomycin, aphidicolin, bacitracin, erythromycin, neomycin, novobiocin and rifampicin. The isolates were resistant to ampicillin, chloramphenicol, gentamicin, kanamycin, nalidixic acid, nystatin, piperacillin tazobactam, penicillin G, polymyxin B, streptomycin, sulfisoxazole, tetracycline and vancomycin.
Polar lipids were extracted with chloroform/methanol and developed on HPTLC silica gel 60 plates (20Â10 cm; Merck) in the solvent system chloroform/methanol/acetic acid/water (85 : 22.5 : 10 : 4, by vol.) as described previously [23] . Phospholipids were stained by modified Dittmer-Lester reagent [24] . The major polar lipids were archaeol derivatives of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, derived from C 20 C 20 archaeol, and phosphatidylglycerol sulfate. Glycolipids were not detected.
The polar lipids of strains MC-74
T and MC-23 were identical to those of Salinarchaeum laminariae (Fig. S4) .
The above phenotypic and phylogenetic characteristics indicated that strains MC-74 T and MC-23 represent a novel species within the genus Salinarchaeum, for which the name Salinarchaeum chitinilyticum sp. nov. is proposed. 
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